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(MEMS )-based accelerometer for motion-based auto-retrac-
tion. A single, combined motion sensor/controller module
may be located 1n the motor head and connected to switches
and a 12V power source through wires routed along or within
the awning framework. The control system operates by gaug-
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motion of the leading edge or lead rail of the awnming when 1n
a fully or partially extended position. When persistent motion
or gust exceeds preset thresholds, the control system will
automatically engage the motor to retract the awning. The
control system provides full automatic retraction of the
awning unless halted or interrupted by additional user input.
Manual switching also controls the extension and retraction
of the awning.
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AWNING CONTROL WITH
MULTIDIMENSIONAL MOTION SENSING

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority pursuant to
35 U.S.C. §119(e) of U.S. provisional application No.

61/233,083 filed 11 Aug. 2009 entitled “Awning control with
multidimensional motion sensing,” which 1s hereby mncorpo-
rated herein by reference 1n 1ts entirety.

TECHNICAL FIELD

The technology described herein relates to control systems
for retractable awnings.

BACKGROUND

Many retractable awning systems, for example, as
mounted on the sides of motor homes or over patios or win-
dows, have automatic retraction systems that activate a motor
or retract the awning under severe wind conditions that might
damage the awning framework, fabric, or structure to which
the awning 1s mounted. Current motion-based, auto-retrac-
tion control systems for automatic awning retraction consist
ol separate modules for motor control, radio frequency inter-
face, and motion sensing. Further, such systems can only
detect severe motion of the awning (e.g., due to wind gusts) 1n
a single dimension.

The mnformation included in this Background section of the
specification, including any references cited herein and any
description or discussion thereof, 1s included for technical
reference purposes only and 1s not to be regarded subject
matter by which the scope of the mvention is to be bound.

SUMMARY

The awning control system described herein provides for
automatic retraction of an extended awning upon detection of
awning motion in multiple dimensions caused by windy con-
ditions. The awning control system includes a micro-electro-
mechanical system (MEMS)-based accelerometer technol-
ogy for motion-based auto-retraction. The motion sensor may
be located 1n the motor head. The control system operates by
gauging the vertical, horizontal (inward/outward), and lateral
motion of the leading edge or lead rail of the awning when in
a Tully or partially extended position. When persistent motion
exceeds a factory preset threshold, the control system will
automatically engage the motor to retract the awning. A
single sensor/controller module may be located 1n the motor
head and connected to switches and a 12V power source
through wires routed along or within the awning framework.
Manual switching may also be used to control the extension
and retraction of the awning. The control system may provide
for tull automatic retraction of the awning unless halted or
interrupted by additional user 1nput.

In one implementation, the entire control system 1s pro-
vided 1n a single physical device, inclusive of the motion
sensor, located 1n the leading edge of an awning. User input
options may 1nclude extension and retraction awning opera-
tion via a hardwired switch or radio frequency remote control.
The control system may also accept user input ol a motion
sensitivity level control for the threshold for auto-retraction.

In another embodiment, the accelerometer-based motion
sensor may be provided as a replacement for current piezo-
clectric-based motion sensors 1n mass-spring-based acceler-
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2

ometers. The accelerometer-based replacement control sys-
tem may be a plug-and-play replacement component with the
added functionality of multi-axis motion sensing. This new
accelerometer-based system enhances the current functional-
ity to allow measurement of lateral, horizontal, and vertical
awning motion. The output signal may be formed as a scaled,
“anemometer-like” switched transistor output that 1s essen-
tially the same output of anemometers and piezoelectric sen-
sors, but may also be provided as a proportional signal result-
ing from multi-axis awning motion measurement.

This Summary 1s provided to introduce a selection of con-
cepts 1n a simplified form that are turther described below 1n
the Detailed Description. This Summary 1s not ntended to
identily key features or essential features of the claimed sub-
ject matter, nor 1s 1t intended to be used to limit the scope of
the claimed subject matter. A more extensive presentation of
features, details, utilities, and advantages of the present
ivention 1s provided 1n the following written description of
various embodiments of the invention, illustrated in the
accompanying drawings, and defined in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a schematic diagram of an implementation of a
retractable awning equipped with a multidimensional motion
detector.

FIG. 1B 1s a front elevation view of an implementation of a
control switch for the retractable awning of FIG. 1A.

FIG. 1C 15 a side elevation view of an implementation of a
control switch for the retractable awning of FIG. 1A.

FIG. 1D 1s a front plan view of a motor head assembly on
the leading edge of the awming with the housing removed and
certain wiring routes shown in phantom.

FIG. 2 1s an 1sometric view of an alternate implementation
of a motorized retractable awning with additional control
components presented schematically.

FIG. 3 1s a front elevation view of an alternate implemen-
tation of a control switch for a retractable awning.

FIG. 4 1s a 1sometric representation diagramming wiring,
leads and switch connections for a potted electrical control
assembly for the retractable awning of FIG. 1A.

FIG. 5A 1s a schematic diagram of a first portion of an
implementation of a control circuit for controlling the retract-
able awning of FIG. 1A.

FIG. 5B 1s a schematic diagram of a second portion of an
implementation of a control circuit for controlling the retract-
able awning of FIG. 1A.

FIG. 5C 1s a schematic diagram of a third portion of an
implementation of a control circuit for controlling the retract-
able awning of FIG. 1A.

FIG. 5D 1s a schematic diagram of a fourth portion of an
implementation of a control circuit for controlling the retract-
able awning of FIG. 1A.

FIG. 6 1s a schematic diagram of a multidimensional
motion detector as used 1n the control circuit of FIG. 4.

FIG. 7 1s a flow diagram of an exemplary control process
for retraction of an awning.

FIG. 8 15 a flow diagram of an exemplary control process
for extension of an awning.

FIG. 9 15 a flow diagram of an exemplary control process
for updating the firmware 1n a potted microcontroller of an
awning control system.

FIG. 10 1s a flow diagram of an exemplary control process
for receiving real-time motion sensor date from a potted

microcontroller of an awning control system.

DETAILED DESCRIPTION

An electrical control system 1ncorporating a multidimen-
s1ional motion detector may be used as an auto-retract awning,
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control module. The control system combines motor control
and motion sense modules into a single module 1nstallation 1n
the awning. Installation may be as simple as aflixing the
single module within the cast gearbox housing or otherwise to
the leading edge rail of the awning. The single module offers
a significantly easier installation over current products.

The control system may use motor current monitoring for
auto-shutoil upon full awning retraction. A rocker switch
may be used to operate the awning, for example, via a press-
and-hold for extension and a single press for retraction. The
control system may have a single fixed motion sensitivity
trigger level. Radio frequency control and “auto-extend” or
“one-touch extend” functionality may be incorporated as
optional features. The control system may be provided as a
potted assembly with wire leads for connectivity.

The control system may be retrofitted into existing 12V
motorized awnings by using the existing motor cableasa 12V
power connection and may use a second 3-conductor cable
for the switch interface 1f desired. The control system may be
paired with a power on/off switch to disable awning operation
during transit as well as to disable the motion detection
response feature if so desired.

FIG. 1A 1s a schematic diagram of an implementation of a
retractable awning 100 equipped with a multidimensional
motion detector. In FIG. 1A, the awning 100 1s shown par-
tially extended with the single motion sensor/motor control
module 116 located on the leading edge of the awning 100. In
this implementation, the awning canopy 102 1s attached to the
side of a camper or other recreational vehicle (RV) or a wall
of a structure by a mounting rail 104. The awning canopy 102
unfurls from a roller 106 that 1s mounted on a pair of scissor
arms also attached to the RV on a vertical rail 114. Each
sc1ssor arm 1s composed of two articulating parts, a stationary
arm 110, which1s hinged at a fixed location on the vertical rail
114, and a sliding arm that slides along the vertical rail. The
stationary arm 110 may be attached to a gas shock 112 that
resists retraction of the awnming 100 and provides an assistive
force during the extension of the awning 100. In this embodi-
ment, the motor head assembly 108 1s located on the leading,
edge of the awning 100 to directly drive the roller. The control
module 116, including the digital accelerometer, 1s located
within the motor head assembly 108. A lead wire assembly
118 extends from the control module 116, along the station-
ary arm 110, and to an actuation switch 120 for manual
activation of the motorized extend and retract functions of the
awning 100.

FIGS. 1B and C depict an implementation of the actuation
switch 120 for the retractable awning 100 of FIG. 1A. As
shown 1 FIG. 1B, several manual control options for the
awning may be provided including a single, pole single throw
(SPST) system power switch 122 and a single pole, double
throw (SPDT) momentary rocker switch 124 for extension or
retraction the awning 100. FIG. 10 depicts several of the lead
wires from the lead wire assembly 118 connected to the
rocker switch 124. A first control wire 118a(1) 1s used to send
a retract signal to the control module 116. A second control
wire 118a(2) 1s a common wire to the rocker switch 124 and
1s connected to a power supply via the control module 116. A
third control wire 118a(3) 1s used to send a retract signal to the
control module 116.

FIG. 1D 1s an enlarged front elevation view of the motor
head assembly 108 with the front housing cover removed.
Within the motor head assembly 108 1s a motor 126 and a
gearbox 128 connected to the output shait of the motor 126.
The roller 106 1s connected to the transmission output of the
gear box 128. The control module 1s mounted within the
motor head assembly 108, for example, to the back of the
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housing or any other fixed surface, with any approprate fas-
tener (e.g., adhesive, screws, bolts, etc). The lead wire assem-
bly 118 connected to the control module 116 may be sepa-
rated into two bundles, a control lead bundle 1184 and a
power lead bundle 1185. These two lead bundles may extend
along the stationary arm 110 to connect with the actuation
switch 120 and the power supply on and 1n the RV, In a retrofit
implementation, the control lead bundle 118a and the power
lead bundle 1185 may already be mounted to along the sta-
tionary arm 110 and the control module 116 may simple be
mounted to the ends of the leads with standard connectors.

First and second motor control wires 132a, 1326 may
extend from the control module 116 and connect with respec-
tive power terminals 130a, 1306 mounted within the motor
head assembly 108. First and second motor lead wires 134a,
1345 connected with the motor 126 may extend therefrom
and also connect with the power terminals 130a 1305, respec-
tively, thus completing a connection between the control
module 116 and the motor 126.

FIG. 2 1s a schematic diagram of an alternate implementa-
tion of a retractable awning 200 equipped with a multidimen-
sional motion detector module 216 atfixed to the lead rail 204
of the awning 200. The awning canopy 1s not shown in this
figure. A pair of articulated extension arms 210 connect to the
lateral ends of the lead rail 204 to extend the awning 200 from
the side of the RV. In the implementation of FIG. 2, the roller
and the motor 226 of the awning 200 are mounted on the
sidewall of the RV and covered by a housing 206 and an end
cap 208. Since the motor 226 1s mounted to the RV, there 1s no
wiring running along the extension arm 210 to the lead rail
204. The microcontroller 240 1s thus usually mounted on the
RV and 1s connected to the power source 230 and the actua-
tion switch 220.

In this embodiment, a lead wire assembly 218 extends from
the control module 240, along one of the extension arms 210,
and to the multi-dimensional motion detector 216 in the lead
rail 204. The lead wire assembly 218 may include four wires:
three to receive the dimensional output from the multi-dimen-
sional motion detector 216 and a fourth to provide power to
the device 216. A pair of power leads may also extend from
the control module 240 to the motor 226 1n order to provide
power to the motor. The lead wire assembly 218 connected to
the control module 240 may be separated 1nto two bundles, A
control lead bundle 218a may extend from the control module
240 to connect with the actuation switch 220 and a power lead
bundle 2186 may extend from the control module 240 to
connect with the power supply 230 and ground.

FIG. 3 depicts an alternative implementation of an actua-
tion switch 320. In this embodiment, the actuation switch 320
has three manual control options for the awning. The first
switch 1s a SPST system power switch 322 for turning power
to the awning on and off. The second switch 1s a SPDT
momentary rocker switch 324 for extension or retraction the
awning. The third switch 1s a single pole, triple throw (SPTT)
(or center off), stationary rocker tolerance switch 326 that
provides user control tolerance settings for the auto-retraction
functions as further described below. In this embodiment, the
normal setting may be considered medium tolerance, which 1s
the center off position of the tolerance switch 326. If a user
wants to decrease the tolerance of the auto-retraction system
to 1nitiate retraction of the awning at lower wind speeds, the
user may press the tolerance switch 326 to the low position.
Alternatively, 11 a user wants to increase the tolerance of the
auto-retraction system to initiate retraction of the awning at
higher wind speeds, the user may press the tolerance switch
326 to the high position. The common for the tolerance switch
326 may be sourced from the same common power lead used
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for the extension/retraction switch 324. At least two addi-
tional wires from the tolerance switch 326 to the microcon-
troller 1n the control assembly would be required. Signals
from the tolerance switch 326 would constitute an instruction
tor the microcontroller to either add or subtract a value from
the standard threshold values used to determine whether to
actuate the auto-retraction feature as further described below.

FIG. 4 1s a schematic diagram of component wiring for a
potted electrical control module 116 for the retractable
awning of FIG. 1A. The control system module 116 1s shown
connected with a 12V power supply 136, a power switch 122
(with a faceplate 121 removed), a manual extension/retrac-
tion switch 124, and with motor control wires 132a, 13256
extending to an awning motor (not shown). Among the com-
ponents on the circuit board 154 of the control system module
116 are a microcontroller 150 and a multi-dimensional
motion detector (accelerometer) chip 152. The circuit board
154, the chips 150, 152 mounted thereon, and all the lead
connections are potted 1n a waterproof, shock resistant epoxy
resin, polyurethane, silicone, or other appropriate material in
order to protect the control module 116 from weather, travel
vibration, and extreme motion (e.g., due to wind gusts).

In addition to the motor control wires 132a, 1325, the first,
second, and third control wires 118a(1, 2, 3) and the first and
second power supply wires 11856(1, 2) also extend from the
control module 116 for connection with the power supply 136
and actutation switches 120. The control wires 118a(1, 2, 3)
and the power supply wires 1185(1, 2) may be provided on the
control module 116 as short tails with connectors that are
configured to connect with corresponding connectors on a
control lead bundle 118a and a power lead bundle 11856 1n
order to enhance the ease of installation and replacement of
the control module 116 11 necessary. The control lead bundle
118a and the power lead bundle 1185 travel from the motor
head assembly 108 on the leading edge of the awning 100
along the extension arm 110, and to the box of actuation
switches 120 mounted to a surface 123 of the RV where the
individual wires may again be connected with shorter tails
extending from the actuation switches 120 and the power
supply.

As shown 1n the implementation of FIG. 4, the first control
wire 118a(1) 1s connected to the extend lead on the extend
retract switch 124 (see FIG. 10). The second control wire
118a(2) functions as the common lead on the extend retract
switch 124. The third control wire 118a(3) 1s connected to the
retract lead on the extend retract switch 124. The first power
supply wire 1185(1) 1s attached to a first terminal of the
system power switch 122 and the second power supply wire
11856(2) 1s connected to a ground lead 144 that 1s connected to
ground 140. A power supply lead 138 1s connected between a
second terminal of the power supply switch 122 and the
positive terminal of the power supply 136 (e.g., a 12V battery
in the RV). The negative terminal of the power supply 136 1s
also connected to ground 140 via a ground wire 142.

FIG. 5A 1s a schematic diagram of a first portion of an
implementation of a control circuit 500 for controlling the
retractable awning of FIG. 1A. The circuit in FIG. 5A
includes a microprocessor in the form of a microcontroller
502. In an exemplary implementation, the microcontroller
may be a programmable interface controller, e.g., a
PIC18F23K20 chip. The microcontroller 502 has a voltage
input 504 and recerves three motion inputs 330a, 53305, 330c¢
corresponding to each of the three-dimensional (7, Y, X)
motion readings generated by the accelerometer 516 (see
FIG. 3B) as well as a current input signal 542 from a current
monitor 540 (see F1G. 5C) within the circuit 500. The micro-
controller 502 outputs motor control signals 3185(1),5185(2)
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for controlling the motor based upon the mnput signals. The
output signals 5185(1), 5185(2) may each be conditioned by
a voltage divider 512, 514 and a junction transistor 513, 515
to 1solate the microcontroller from the higher line voltage
used to actuate the relay 536 and motors (see FIG. 5C). A
serial peripheral 1nterface bus 506 may be connected to the
microcontroller 502 for imitial 1installation of firmware on the
microcontroller before the circuit 500 1s potted within the
control assembly.

In this implementation, the microcontroller 502 received
two additional control inputs from the actuator switch corre-
sponding to the extend lead 518a(1) and the retract lead
518a(3). The 12V DC power supply 510 from a battery source
(c.g., the RV battery) 1s additionally shown 1n FIG. 5A and 1s
supplied to the common lead 518a(2) that provides a voltage
source for each of the extend lead 518a(1) and the retract lead
518a(3). The signals from each of the extend and retract leads
518a(1), 518a(3) are conditioned before reaching the micro-
controller 502, in part in order to allow for ping commands to
place the microcontroller in an update or data transier mode
(as further explained below) as well as to provide for data
transier over the extend and retract leads 518a(1), 518a(3).

The portion 506 of the circuit 500 connecting the extend
lead 518a(1) to the microcontroller 502 1s bidirectional allow-
ing for data transfer from the microcontroller in addition to
signal inputs. This extend lead portion 506 may have a metal-
oxide varistor or other transient voltage suppressor 520, a
voltage divider 521, and a diode clamp 522 for line condi-
tioning. The retract lead portion 508 may similarly have a
transient voltage suppressor 524, a voltage divider 525, and a
diode clamp 526 for line conditioning as well as other com-
ponents. In particular, the retract lead portion 508 may addi-
tionally have a bipolar junction transistor 528, rendering the
retract lead portion 508 unidirectional allowing only signal
transmission to the microcontroller 502, but not data transter
from the microcontroller 502.

FIG. 5B 1s a schematic diagram of a second portion of an
implementation of the control circuit 500 for controlling the
retractable awning of FIG. 1A. The circuit in FIG. 3B
includes the MEMS-based motion detector or accelerometer
516 and shows three output lines 530a, 3305, 530c¢ corre-
sponding to three-dimensional motion data. In one 1mple-
mentation, the accelerometer 516 may be an ADXI1.335BCPZ
chip. Each of the output lines 530a, 5305, 530¢ from the
accelerometer 516 may be conditioned with various compo-
nents, including, for example, an operational amplifier func-
tioning as a voltage follower bulfer 532 1n order to ensure
clean output signals from the accelerometer 516.

FIG. 5C 1s a schematic diagram of a third portion of an
implementation of the control circuit 500 for controlling the
retractable awning of F1G. 1A. The circuit portion of FI1G. 3C
includes a relay 536 for operating the motor and a current
sensor 540 that monitors motor current draw. The relay 536
receives the motor control signals 5185(1), 5185(2) from the
microcontroller 502 as increased from line level signals by
additional power from the power supply to direct operation of
the motor 1n either a forward/extend direction or a reverse/
retract direction. Flyback diodes 538 may be used between
the induction coils of the relay and the power supply to protect
the power supply from voltage spikes. The outputs of the
relay 536 connect to two motor leads 534a, 5345 to actuate
the motor 1n either a forward or reverse direction. A current
monitor chip 540 may be placed in series with one of the
motor leads 334a, 534) from the relay 336 to the motor. The
current sense chip 540 monitors the level of current drawn by
the motor to identily conditions such as motor stall or no draw
indicating malfunction. Output from the current monitor chip
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540 1s used as an input in the microcontroller 502 in the
determination of various motor control functions as further
described below.

FIG. 5D 1s a schematic diagram of a fourth portion of an
implementation of a control circuit for controlling the retract-
able awning o F1G. 1A. The circuit portion in FIG. 5D details
a set of voltage regulators that provide constant and appro-
priate voltage levels to the circuit. As previously shown in
FIG. 4, the first power lead 5185(1) 1s connected to a 12V bus
line 548 conditioned from the 12V power supply 346 (e.g., an
RV battery) while the second power lead 5185(2) connected
to ground. A first positive voltage regulator chip 550 trans-
forms power from the 12V bus line 548 and outputs to a 5V
bus line 552 for providing required power to the current sense
chip 540. A second positive voltage regulator chip 554 steps
the voltage down from the 3V output of the first positive
voltage regulator chip 550 and outputs to a 3.3V bus line 556
for providing required power to the microcontroller 502, the
accelerometer 516, and other components. The circuit portion
in FIG. 5D further depicts a conditioning circuit 544 for the
3.3V bus line.

FIG. 6 1s a schematic diagram of a multidimensional
motion detector or accelerometer 616 as used 1n the control
circuit of FIG. 5B. In one implementation, the multidimen-
sional motion detector 616 may be a complete three-axis
acceleration measurement system (e.g., an ADXIL335 chip).
The detector chip may have a measurement range of 3 g
mimmum. In one embodiment, the detector chip contains a
polysilicon surface, micro-machined sensor 602 and signal
conditioning circuitry to implement an open-loop accelera-
tion measurement architecture. The output 630a, 63056, 630c¢
of the MEMS accelerometer 616 may be analog voltages that
are proportional to the measured acceleration. The multidi-
mensional motion detector 616 thus acts as an accelerometer
that can measure the static acceleration of gravity in tilt-
sensing applications as well as dynamic acceleration result-
ing from motion, shock, or vibration. In other implementa-
tions, a digital output MEMS device may be used that
provides data output representative of acceleration 1n each of
three dimensions.

The sensor may be a polysilicon surface, micro-machined
structure built on top of a silicon wafer. Polysilicon springs
suspend the structure over the surface of the water and pro-
vide a resistance against acceleration forces. Detlection of the
structure 1s measured using a differential capacitor that con-
s1sts of mndependent fixed plates and plates attached to the
moving mass. The fixed plates are driven by 180° out-oi-
phase square waves. Acceleration detlects the moving mass
and unbalances the differential capacitor resulting 1n a sensor
output whose amplitude 1s proportional to acceleration. The
sensor output 1s amplified by an AC amplifier 604. Phase-
sensitive demodulation techniques 1n a demodulator 606 may
then be used to determine the magnitude and direction of the
acceleration. The demodulator output may be amplified using
individual output amplifiers 608a, 6085, 608¢ for each axis
and brought off-chip through a resistor. The user may then set
the signal bandwidth of the device by adding a capacitor. This
filtering 1mproves measurement resolution and helps prevent
aliasing. Because the detector uses a single structure for sens-
ing the X-, Y-, and Z-axes, the sense directions of the three
axes are highly orthogonal and have little cross-axis sensitiv-
ity.

Both automatic and manual retraction of a motorized
awning may be controlled by amicrocontroller receiving both
accelerometer data and manual iput as described above.
Firmware in the microcontroller may be used to implement
such processes. FI1G. 71s atlow diagram of exemplary process
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steps 700 that may be embodied m firmware on the micro-
controller for controlling the retraction process 700. As
shown 1n FIG. 7, upon receipt of an awmng retract command
as idicated 1n operation 702—either a manual mnput signal
by a user selecting a switch or an automatic input signal based
upon motion mnformation ifrom the accelerometer device—
the controller actuates the motor 1n a retraction direction as
indicated in operation 704.

During motor operation, circuit current may be constantly
monitored against various threshold values as indicated in
operation 706 that indicate a need for an awning retraction
auto-shutoil function. Such an auto-shutoil of the retraction
function may be provided to disconnect the power to the
motor during a retraction to prevent damage to the motor or
other awning components. In a first instance, the circuit cur-
rent may be monitored to detect the likelihood of a motor stall
as indicated 1n decision operation 708. A motor stall 1s 1ndi-
cated by a large current draw which retflects a strong resis-
tance to further retraction of the awning. Such a resistance
may be caused by a number of factors including, for example,
a locked rotor condition indicating full retraction of the
awning, a physical impediment to awning retraction (e.g., a
tree branch or camping equipment), a wind gust, or a spring
force 1n the awning that holds the awning 1n a fixed position.

In an exemplary embodiment, the firmware may be pro-
grammed with a number of threshold values in order to detect
a stall.

A Mimmmum Current Value (MCV) may be set as the mini-
mum retraction current tracked and averaged over a short time
to filter noise and act as floating baseline value to which a
motor-specific value 1s added (see the OCT value described
below) for an upper threshold value indicative of a stall. Since
the MCV 1s an average value, the awning position may not be
retained during a power cycle. As such, 1f a retract event
occurs immediately following power up, there 1s no stored
MCYV to reference 1n conjunction with the motor-specific
value and, as such, will allow the awning motor to draw full
stall current until a timer expires (see the MRT value
described below). This may cause overheating and trip the
motor’s thermal fuse. In order to prevent this from occurring,
several options may be configured.

In a first option, a brief, timed, auto-extension may occur
upon power-up, just long enough to allow the MCYV to be set,
followed by an auto-retraction. In a second option, a default
MCYV value may be loaded during power cycle start-up. This
default value could be the last calculated MCV from a prior
usage or itmay be a set value. This method 1s simpler, but does
not auto-calibrate the auto-shutoll routine to allow for vari-
ances 1n motors and power supply levels. This option also
risks not properly detecting stall under all conditions, but the
risk can be mitigated or possibly eliminated via set of a
minimal MCYV values specific to various motor types.

In one implementation, a tfloor value (e.g., 3 A) for the
MCYV may be also used to prevent nuisance stall 1in the case of
a billow event during imitial awning retraction. The mitial
value would then be updated over time based upon average
measured values. For example, the retraction current 1s high-
est during 1nitial phase of gas shock compression (e.g., 1n the
7-8 A range at 13.6V) but quickly decreases as gas shocks are
compressed. A billow event during 1nitial retraction reduces
current to within the 1-2 A range since the wind lifts the
canopy and further compresses the gas shocks, thus drasti-
cally reducing the motor load. Once the canopy relaxes and
the gas shocks are extended, the motor load 1s returned to
normal, the current increases, and a stall 1s detected. Utilizing
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a MCYV ortloor value o1 3 A, along with a higher shutoff value,
e.g., of 4 A (explained below), aids 1n preventing nuisance
stall under these conditions.

An Over Current Threshold (OCT) may be set for use 1n
calculating the current value threshold for auto-shutoif. The
OCT may ride above the floating MCV baseline value. For
example, 1n one implementation, the OCT may be setat 2-4 A
above the presently stored MCV value. Using a 4 A OCT
above a minimum 3 A MCV results in a minimum 7 A stall
detection value. Testing 1n various models of motors from
different manufacturers and 1n ditferent awnings with differ-
ing spring or gas shock loads identifies rangesof 11 Ato 19 A
stall current from 9.5 to 14.5 VDC. Therefore, the value set for
the OCT will depend upon the type of motor and tension used
in the particular awning application. Further, an Over Current
Persistence (OCP) may be set as the duration the measured
current must remain above the OC'T to trigger auto-shutoil.
For example, 1n one implementation, the OCP may be set at
500 ms. In some implementations, motor startup inrush 1s
ignored and current 1s 1gnored as long as retract button is
pushed. A stall 1s thus detected when the measured current
exceeds the Over Current Threshold, which rides above the
Minimum Current Value, for the duration of the Over Current
Persistence time. The microcontroller can thus direct motor
shutoil as imndicated 1n operation 716 when these conditions
are met.

The firmware controlling the retraction process 700 may
also monitor for additional user 1nput, 1.e., the user pressing
the extend/retract switch, as indicated 1n decision operation
710. For example, the user may interrupt an auto-retraction
event by pressing either the extend button or the retract but-
ton, which will serve to stop the awning retraction as 1ndi-
cated 1n the flow from decision operation 710 to the motor
shutoil operation 716. However, such user action does not
disable auto-retract from re-occurring as long as the awning 1s
extended (as further described below). In another embodi-
ment, the awning control system may feature maintaining,
power to the motor as long as the extend button 1s pressed. In
a further embodiment, power to the motor may be maintained
until auto-shutofl occurs for a momentary press of either the
retract button, the extend button, or both.

The firmware controlling the retraction process 700 may
also monitor a Max Run Time (MRT) value as indicated 1n
decision operation 712. The MRT 1s the maximum retraction
event operation time to provide failsafe stall shutoil 1n the
event no OC'T 1s detected. In other words, there 1s generally a
period of time that 1t takes for a particular awning to retract. IT
for some reason, the microcontroller does not detect a high
current load due to a motor stall upon tull retraction, the MRT
acts as a failsafe to stop the motor after an adequate period of
time so that the motor does not continue to operate indefi-
nitely and either damage the awnming mechanism or burn out.
For example, 1n one implementation, the MRT may be set at
80 s. If a stall 1s not detected within the Max Run Time, the
motor 1s shut off as indicated 1n the flow from decision opera-
tion 712 to the motor shutoil operation 716.

The firmware controlling the retraction process 700 may
also monitor a Minimum Current Threshold (MCT) as indi-
cated 1n decision operation 714, which may be set as the
mimmum measured current value required during a retraction
event to allow auto-retraction to continue. The MCT allows
for quick auto-shutoil 1n the event no load 1s connected or the
motor 1s disabled. For example, 1n one implementation, the
MCT may be set at 400 mA+/-100 mA. If the MCT 1s not
exceeded continuously during retraction, the motor i1s shut
off. A Minimum Current Persistence (MCP) may be set as the
duration that the measured current must remain below the
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MCT to trigger auto-shutoff. For example, 1n one implemen-
tation, the MCP may be set at 500 ms.

If any of the above conditions, 1.e., a motor stall, a user
input, or the maximum retraction time, are not met and there
1s a minimum current draw indicating motor operation, the
process 700 continues to monitor current activity on the cir-
cuit as to 1dentify such conditions as indicated by the loop
through operation 708. If any of these conditions, 1.e., a motor
stall, a user 1input, or the maximum retraction time, do occur,
the controller switches of the motor as indicated 1n operation
716 by sending an appropriate signal to the switch relay.

However, the process 700 makes a further determination
before merely returning to a standby state awaiting a new user
command to retract or extend the awning or an auto-retraction
signal. In this implementation, a determination 1s made as to
whether the halted retraction operation was user 1nitiated as
indicated 1n decision operation 718. If the retraction com-
mand was user mitiated, the retraction process 700 terminates
to enter a standby mode as indicated in operation 726 and
await further signal input. Alternatively, 1f the retraction pro-
cess 700 was auto-initiated, e.g., due to a signal from the
gale/gust process 730 (further described below), the retrac-
tion process 700 will restart the motor up to 3 times consecu-
tively to ensure awning closure 1n the case of wind.

As indicated in FIG. 7, a counter may be used in the process
700 to ensure awning closure in the event of an auto-retraction
command. This 1s a failsafe in case, for example, a wind gust
during retraction was so strong that it caused a motor stall
betfore full retraction of the awning. If the counter does not
equal O as determined 1n decision operation 720, then the
counter 1s decremented by 1 as indicated 1n operation 722 and
the retraction process resumes at operation 702. If the counter
does equal 0 as determined by the decision operation 720, the
counter 1s reset to 3 as indicated 1n operation 724 and the
process 700 terminates in a standby mode at operation 726
until a new manual or automatic retraction signal 1s recerved.

As noted above, the retraction process 700 ol FIG. 7 can be
either manually initiated by a user, or automatically initiated
by a motion event, e.g., wind, ail

ecting the awning. If the
motion event exceeds certain thresholds values as described
below with respect to the gale/gust portion 730 of the retrac-
tion process 700, then the retract awning operation 702 1s
initiated.

For auto-retraction of an awning due to a motion event
(e.g., wind), output signals from the multidimensional motion
detector on the leading edge of the awning are momtored by
the microcontroller, for example, a peripheral interface con-
troller, to determine the acceleration of the leading edge of an
awning. The output signals serve as input signals to the micro-
controller as indicated 1n operation 732 for determining
whether the awming should be retracted. When acceleration
data 1s received as the microcontroller in operation 732, the
gale/gust process 730 first determines whether the awning 1s
extended or retracted as indicated 1n decision operation 734.
If the awning 1s already fully retracted, e.g., as determined by
a Boolean value stored in the microcontroller upon full retrac-
tion, the control system remains 1n standby mode as indicated
by the tlow to operation 726 and the process 700 continues to
monitor for retraction commands.

Similarly, the gale/gust process 730 continues to monitor
the acceleration data received from the multi-axis motion
sensor device. In the alternate situation 1n which the awnming 1s
extended as determined 1n decision operation 734, the micro-
controller compares the acceleration data to a pre-set thresh-
old values retlective of sustained winds and significant gusts,
respectively, as indicated in operation 736. The firmware
controlling the gale/gust process 730 may monitor a Gust
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Detect Threshold (GDT) value as indicated 1n decision opera-
tion 738. The GDT i1s an acceleration value threshold that,
when exceeded by the acceleration data recerved from the
multi-axis motion sensor device, generates instantaneous
trigger ol an auto-retract event as indicated by the flow from
decision operation 738 to the retraction operation 702. This
value may be set within the microcontroller by the manufac-
turer. Wind gust detection may also use a Gust Detection
Persistence (GDP) time as a duration of measured accelera-
tion required belore triggering an auto-retract event, but 1t 1s
generally only long enough to filter noise. For example, in one
implementation, the MPT may be set at 100 milliseconds.

If the gust threshold 1s not met, the gale/gust process 730
next determines whether a sustained gale force of the wind 1s
significant enough to warrant auto-retraction of the awning as
indicated by the flow from decision operation 738 to decision
operation 740. The firmware controlling the gale/gust process
730 may compare a Motion Threshold Value (MTV) to the
acceleration data as indicated by decision operation 740. The
MTYV 1s an acceleration value threshold for trigger of auto-
retract event based upon sustained wind forces. This value
may be set within the processor by the manufacturer. 11 the
acceleration data does not meet or exceed the MTV value 1n
magnitude, the gale/gust process 730 returns to operation 732
to continue monitoring the acceleration data.

However, 11 the magnitude of the acceleration forces does
exceed the MTV threshold, the process 730 further deter-
mined whether the gale force 1s sustained long enough to
warrant awning retraction. This 1s determined by comparing,
a Motion Persistence Time (MPT) to the sustained time of a
gale force. The MPT 1s the duration that the measured accel-
eration must continuously remain above the M1V 1n order to
trigger an auto-retract event. For example, 1n one implemen-
tation, the MPT may be set at 2 seconds. Note that wind gust
detection 1s enabled via a much higher pre-set GD'T, which
essentially serves as an override of the MPT to generate an
instantaneous auto-retract trigger. Once the awning 1s
retracted, acceleration values may be 1gnored as previously
discussed with respect to decision operation 734.

In an alternate implementation, two averages (long and
short) of filtered and weighted XY Z acceleration data from
the accelerometer may be used for comparison against the
GDT and MTYV. The short average 1s for gust detection and the
long average 1s use to detect sustained gale wind movement.
In one implementation, the short average may be taken over
approximately 100 ms and the long average may be taken
over approximately 4 sec. As soon as either of these averages
exceed their respective thresholds, an auto-retract event 1s
initiated; there 1s no need to use the Motion Persistence Time
or Gust Detection Persistence time 1n this implementation.

In one exemplary implementation, the Z-axis output of the
accelerometer represents sideways awning movement, which
1s least likely to occur 1in windy conditions. Four sample
differential averages are taken and then weighted by
/_Gain=4. The X-axis of the accelerometer 1s generally
aligned with awning extension and retraction movement.
Four sample differential averages are taken and then the val-
ues are weighted by X_Gain=2. The Y-axis of the accelerom-
eter 1s generally aligned with vertical awning movement (e.g.,
bouncing up and down due to wind). Four sample differential
averages are taken and then the values are weighted by
X (Gain=1.

The modified XYZ data 1s then summed. The average of
this sum 1s then calculated by dividing by 4 for the 4 samples
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taken above (avg_ol_sums). A “short_sum” 1s then calculated
as follows:

(previous sample of short_sum)*(900/1000)+current
value of avg_of_ sums.

This calculation arises from the use of mteger math (as
opposed to using tloating point). The output value of short_
avg 1s =short_sum/10. This equates to a 10 sample “Short
Average,” which 1s used to compare directly with the gust
threshold to trigger an auto-retract event. The “Long Aver-
age’” value 1s calculated much the same way, but uses a long_
sum defined as follows:

(previous sample of long sum)*(975/1000 )+current
value of avg_of_ sums,

Then long_avg=long_sum/40. This equates to a 40 sample
“Long Average” which 1s used to compare directly with the
motion threshold value to trigger an auto-retract event.

As discussed above with respect to FIG. 3, 1n an alternative
implementation, a manual user input may be recerved from a
tolerance switch to raise and lower the tolerance of the auto-
retraction function of the microcontroller. If the system 1s
equipped with such an additional switch, the threshold values
against which the weighted and averaged accelerometer data
are measured may be either increased or decreased by respec-
tive set values corresponding to high an low tolerance inputs
indicated by a user through the tolerance switch, where the
medium position of the tolerance switch corresponds to the
standard threshold values programmed into the microcontrol-
ler.

FIG. 8 presents a flow diagram of an exemplary awning
extend process 800 controlled by the firmware 1n the micro-
controller. Imtially, an awning extend signal 1s received by
actuation of a manual extend actuation switch activated by a
user as indicated in operation 802. At this time, the motor 1s
actuated by an extend signal from the microcontroller as
indicated 1n operation 804. During motor operation for the
awning extension, the circuit current 1s monitored, as 1ndi-
cated 1n operation 806, similar in manner to the current moni-
toring operation in the retraction process. In one exemplary
implementation of the awning extension process, the current
1s monitored for a persistent extension signal from the extend
switch as 1ndicated 1n decision operation 808. Thus, 1n this
implementation, the user must constantly press the extend
actuator until the awning 1s completely extended or has
extended a desired distance short of full extension. In this
way, a user can control how far to extend the awnming. In other
implementations, the extend actuation could be programmed
to automatically fully extend upon a single, non-persistent
actuation signal and stop at an intermediate location 1f the
switch 1s selected again during the extension process.

Returning to the embodiment depicted in FIG. 8, 1f the
extension signal 1s mterrupted or disappears, then the micro-
controller switches the motor off to stop further extension of
the awning as indicated in operation 812. Alternatively, 1f the
extension signal remains persistent, then the extension pro-
cess 800 monitors for a high current, motor stall condition
indicative of full extension of the awning (or possibly an
obstruction) as indicated in decision operation 810. If no
motor stall condition 1s 1dentified, the circuit current contin-
ues to be monitored as indicated by the tlow back to operation
806 until a signal condition directing alternate action 1s 1den-
tified. If instead there 1s indeed a motor stall, the motor 1s shut
off as indicated by the flow to operation 812 in order to
prevent damage to the motor or other awning components. In
an alternate embodiment, the microcontroller may 1gnore any
circuit conditions as long as the manual extension switch 1s
depressed by the user.
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FIG. 9 presents a flow diagram of a firmware update pro-
cess 900 that may be performed to update the firmware on the
potted circuit even after installation within an awning system.
As apparent from the control assembly configuration 1n FIG.
4 and the circuit diagram 1n FIG. SA, the Senal Peripheral
Interface (SPI) on the board 1s no longer accessible after the
board 1s potted 1n the control assembly. Therefore, updates to

the firmware on the microcontroller are impossible to make
through either the SPI or the standard SPI mnputs on the
microcontroller. In order to overcome this dilemma, the cir-
cuit may be designed to allow for data transfer communica-
tions using the lead wires from the extend/retract switch as in
the embodiments presented herein.

Initially, a connection 1s established between the control
leads and an interface bus on a computer as indicated in
operation 902. In one implementation, this connection may
be established by a dongle using, for example, a Future Tech-
nology Devices International Ltd. FT232R USB to serial
UART IC (www.1itdichip.com) with wire leads for connection
to the battery ground, and to the extend and retract leads
connected to and extending from the control assembly. The
extend and retract wire leads may be disconnected from the
control switch for this purpose. The USB end of dongle ma
then be connected to the computer.

The computer may be equipped with a specific software
program for establishing communication with the microcon-
troller through the wire leads. Initially, the software estab-
lishes a connection with the USB to serial UART chip as
indicated 1n operation 904. This may be automatically or
manually 1mitiated. Next the power supply to the microcon-
troller 1s actuated as 1indicated 1n operation 906. This may be
accomplished by actuating the On/O11 switch for the awning
system or alternately by connecting the power supply leads
from the control assembly to a separate switched power
source (e.g., 12V DC) used for the purposes of the update
operation.

The firmware within the microcontroller may be designed
to include a “listening window” upon 1nitial power-up on the
pins for the extend and retract leads 1 order to recognize
attempts for firmware updates or data downloads as indicated
in operation 908. Within a short period after actuation of the
power supply, e.g., within 1 to 2 seconds, a “ping” command
may be automatically or manually 1nitiated by the computer
to 1ndicate to the microcontroller that a communications link
1s requested. This establishes communication with the micro-
controller and prevents the microcontroller from undertaking
its normal control operations. If a ping signal 1s not sent, the
microcontroller will proceed to monitor wind conditions and
operate the extend and retract functions either automatically
or upon receipt of manually actuated signals.

Once communication between the microcontroller and the
computer has been established, the computer may 1dentity the
new firmware file (e.g., a .hex file stored on the computer
memory) as indicated in operation 910. The computer soft-
ware program may then direct the uploading of the new
firmware {ile to the microcontroller as indicated 1n operation
912. The computer program may be turther designed to verity
the upload completed successtully without errors. If no pro-
gramming errors occurred, the software may indicate such,
for example, by presenting a message indicating the upload
has been “Verified.” Alternatively, if errors are discovered, the
soltware may be designed to display a “Failed” message, at
which point the upload may be attempted again. Once the re
programming 1s complete, the software program may be
closed, the power disconnected, and the dongle may be dis-
connected from the switch leads as indicated in operation

914.
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FIG. 10 presents a flow diagram of a real-time data transfer
process 1000 that may be used to monitor the readings of the
accelerometer on the potted circuit even after installation
within an awning system. As discussed above, the control
assembly configuration, including the accelerometer outputs
and the microcontroller on the board are no longer directly
accessible after the board 1s potted in the control assembly.
Therefore, external access to data from the accelerometer or
the microcontroller 1s 1mpossible through the pins on the
chips or elsewhere on the board. In order to overcome this
dilemma, the circuit has been designed to allow for data
transfer communications using the lead wires from the
extend/retract switch.

Initially, a connection 1s established between the control
leads and an interface bus on a computer as indicated 1n
operation 1002. As described above, 1n one implementation,
this connection may be established by a dongle using, for
example, a Future Technology Devices International Ltd.
FT232R USB to serial UART IC (www.itdichip.com) with
wire leads for connection to the battery ground, and to the
extend and retract leads connected to and extending from the
control assembly. The extend and retract wire leads may be
disconnected from the control switch for this purpose. The
USB end of dongle may then be connected to the computer.

The computer may be equipped with a specific software
program for establishing communication with the microcon-
troller through the wire leads. Initially, the software estab-
lishes a connection with the USB to serial UART chip as
indicated 1n operation 1004. This may be automatically or
manually 1mitiated. Next the power supply to the microcon-
troller 1s actuated as indicated 1n operation 1006. This may be
accomplished by actuating the On/O11 switch for the awning
system or alternately by connecting the power supply leads

from the control assembly to a separate switched power
source (e.g., 12V DC) used for the purposes of the data
transier operation.

The firmware within the microcontroller may be designed
to include a “listening window” upon 1nitial power-up on the
pins for the extend and retract leads 1n order to recognize
attempts for data downloads as indicated in operation 1008.
Within a short period after actuation of the power supply, e.g.,
within 1 to 2 seconds, a “ping” command may be automati-
cally or manually mitiated by the computer to indicate to the
microcontroller that a communications link 1s requested. This
establishes communication with the microcontroller and pre-
vents the microcontroller from undertaking 1ts normal control
operations. The ping command may further include specific
instructions or have a signature recognized by the microcon-
troller directing the microcontroller to begin downloading,
raw and processed accelerometer data. If a ping signal 1s not
sent, the microcontroller will proceed to monitor wind con-
ditions and operate the extend and retract functions either
automatically or upon receipt of manually actuated signals.

Once communication between the microcontroller and the
computer has been established, the computer may 1dentify a
data file (e.g., either new or existing) within the computer
memory for storage of data recerved from the control assem-
bly as indicated 1n operation 1010. The computer may then
begin to recerve the desired motion sensor data generated by
the accelerometer and/or processed by the microcontroller as
indicated 1n operation 1012. The software program may then
direct the computer to process and graphically display the
motion sensor data as indicated in operation 1014. In an
exemplary implementation, the software may be configured
to provide a streaming display of X, Y, 7Z, Short Average, and
Long Average graphical data on the screen. The software
program may further direct the computer to store the motion
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sensor data 1n the previously designated file (e.g., a .bin or
.csv file) within the memory of the computer as indicated in
operation 1016

The user can initiate a “Stop Capture” command within the
soltware at any time to halt streaming and data capture as
indicated 1n operation 1018. The user can restart the data
capture and graphic display through the software as well by
making a selection via the user interface as indicated 1n deci-
sion operation 1020. If the power to the control assembly 1s
still “on”, then there 1s no need to cycle the power ofl and on
again to refresh the data display and collection feature. To end
data capture, the user may simply close the software program,
turn off the power supply, and disconnect dongle as indicated
in operation 1022,

The technology described herein may be implemented as
logical operations and/or modules 1n one or more systems.
The logical operations may be implemented as a sequence of
processor-implemented steps executing in one or more com-
puter systems and as interconnected machine or circuit mod-
ules within one or more computer systems. Likewise, the
descriptions of various component modules may be provided
in terms of operations executed or effected by the modules.
Theresulting implementation 1s a matter of choice, dependent
on the performance requirements of the underlying system
implementing the described technology. Accordingly, the
logical operations making up the embodiments of the tech-
nology described herein are referred to variously as opera-
tions, steps, objects, or modules. Furthermore, 1t should be
understood that logical operations may be performed 1n any
order, unless explicitly claimed otherwise or a specific order
1s inherently necessitated by the claim language.

In some implementations, articles of manufacture are pro-
vided as computer program products that cause the instantia-
tion of operations on a computer system to implement the
invention. One implementation of a computer program prod-
uct provides a computer program storage medium readable
by a computer system and encoding a computer program.
Another implementation of a computer program product may
be provided 1in a computer data signal embodied 1n a carrier
wave by a computing system and encoding the computer
program. It should further be understood that the described
technology may be employed in special purpose devices inde-
pendent of a personal computer.

All directional references (e.g., proximal, distal, upper,
lower, upward, downward, lett, right, lateral, front, back, top,
bottom, above, below, vertical, horizontal, clockwise, and
counterclockwise) are only used for 1dentification purposes to
aid the reader’s understanding of the present mnvention, and
do not create limitations, particularly as to the position, ori-
entation, or use of the invention. Connection references (e.g.,
attached, coupled, connected, and joined) are to be construed
broadly and may include intermediate members between a
collection of elements and relative movement between ele-
ments unless otherwise indicated. As such, connection refer-
ences do not necessarily infer that two elements are directly
connected and 1n fixed relation to each other. The exemplary
drawings are for purposes of 1llustration only and the dimen-
s10ms, positions, order and relative sizes reflected 1n the draw-
ings attached hereto may vary.

The above specification, examples and data provide a com-
plete description of the structure and use ol exemplary
embodiments of the invention. Although various embodi-
ments ol the invention have been described above with a
certain degree of particularity, or with reference to one or
more 1individual embodiments, those skilled in the art could
make numerous alterations to the disclosed embodiments
without departing from the spirit or scope of this invention. In
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particular, 1t should be understood that the described technol-
ogy may be employed independent of a personal computer.
Other embodiments are therefore contemplated. It 1s intended
that all matter contained in the above description and shown
in the accompanying drawings shall be interpreted as 1llus-
trative only of particular embodiments and not limiting.
Changes 1n detail or structure may be made without departing
from the basic elements of the invention as defined in the
tollowing claims.

What 1s claimed 1s:

1. A control system for controlling a motor for a retractable
awning comprising,

a single accelerometer having three signal outputs indicat-
ing an acceleration of a leading edge of a retractable
awning 1n three substantially orthogonal directions,
cach of the three substantially orthogonal directions cor-
responding to a respective one of said three signal out-
puts; and

a processor that received the three signal outputs from the
single accelerometer and determines, based upon com-
parison ol a weighted average of the three signal outputs
to a threshold value, whether to generate a retraction
control signal for the motor that operates the retractable
awning; wherein

the control system, including both the single accelerometer
and the processor, 1s contained 1n a single housing which
1s s1zed and configured for mounting on the leading edge
of the retractable awning.

2. The control system of claim 1, wherein the threshold

value corresponds to a wind gust condition.

3. The control system of claim 1, wherein the threshold
value corresponds to a sustained gale condition.

4. The control system of claim 3, wherein the processor
turther momitors a length of time of the sustained gale condi-
tion and compares the length of time to a threshold time value,
which must be exceeded by the length of time before the
processor generates the retraction control signal.

5. The control system of claim 1, further comprising a first
input lead configured for attachment to a switch for providing
an extend signal recognized by the processor as an 1instruction
to cause the motor to extend the retractable awning; and

a second input lead configured for attachment to the switch
for providing a retract signal recognized by the proces-
sor as an instruction to cause the motor to retract the
retractable awning; wherein

the processor 1s configured to both receive and transmat
data over either the first input lead, the second mput lead,
or both.

6. The control system of claim 5, wherein the processor 1s
configured to enter a listening window for a period of time
upon power instantiation to recerved firmware updates or
other structions via the first or second mmput lead before
executing the instruction to cause the motor to extend the
retractable awning or the instruction to cause the motor to
retract the retractable awning.

7. The control system of claim 1, wherein the accelerom-
eter having three signal outputs indicating an acceleration of
a leading edge of a retractable awning in three orthogonal
directions comprising a horizontal direction, a vertical direc-
tion, and a lateral direction relative to the leading edge of said
retractable awing;

said accelerometer further comprising a static component
for measuring static acceleration of gravity and a
dynamic component for measuring motion in said
retractable awning.

8. The control system of claim 7, wherein the threshold

value corresponds to a wind gust condition.
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9. The control system of claim 7, wherein the threshold
value corresponds to a sustained gale condition.

10. The control system of claim 9, wherein the processor
turther monaitors a length of time of the sustained gale condi-
tion and compares the length of time to a threshold time value,
which must be exceeded by the length of time before the
microcontroller generates the retraction control signal.

11. The control system of claim 7, wherein the processor
and the accelerometer are elements of a circuit; and

the circuit further comprises a current monitor that trans-
mits current draw data measured on a lead to the motor
to the processor for determination of a motor stall event;
and wherein

the processor 1s configured to disconnect power to the
motor upon determination of a motor stall event.

12. The control system of claim 11, wherein the processor
1s configured to restart the motor after a power disconnect to
the motor 1f the retraction control signal was generated in
response to the signal outputs from the accelerometer.

13. The control system of claim 1, wherein the processor
further stores a maximum retraction time value and 1s con-
figured to disconnect power to the motor 11 an actual operation
time of the motor during a retraction awning exceeds the
maximum retraction time value.

14. A retractable awning comprising

a roller;

a canopy attached along a first edge to the roller, wherein
the canopy furls and unfurls about the roller;

a pair of support arms that extend and retract and are
mounted at first ends to a stable surface and support the
canopy at second ends when the canopy 1s unturled and
the support arms are extended;

a motor that drives the roller to furl and unfurl the canopy
about the roller and thereby extend and retract the sup-
port arms;

a lead rail supported by the second ends of the pair of
support arms;

a multidimensional motion detector having two or more
signal outputs indicating an acceleration of a leading
edge of a retractable awning 1n at least directions; and

a microcontroller that recerves the signal outputs from the
multidimensional motion detector and determines,
based upon comparison of the signal outputs to a thresh-
old value, whether to generate a retraction control signal
for the motor; wherein

the multidimensional motion detector and the microcon-
troller are components of a singular motor control unit
contained 1n a single housing and mounted on the lead
rail; further wherein the multidimensional motion detec-
tor comprises a single accelerometer having three signal
outputs indicating an acceleration of a leading edge of
the lead rail 1n three substantially orthogonal directions;
and

the microcontroller receives the three signal outputs from
the accelerometer and determines, based upon compari-
son of a weighted average of the signal outputs to the
threshold value, whether to generate a retraction control
signal for the motor.

15. The retractable awning system of claim 14, wherein the
roller and the motor are configured to fixedly mount on or
adjacent to the stable surface.

16. The retractable awning system of claim 14, wherein the
roller and the motor are supported by the second ends of the
pair of support arms adjacent to the lead rail.
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17. The retractable awning system of claim 16, wherein the
singular motor control unit 1s mounted in a motor head assem-
bly that houses the motor 1n linkage with the roller.

18. The retractable awning system of claim 17 further
comprising a first input lead configured for attachment to a
switch for providing an extend signal recogmized by the
microcontroller as an instruction to cause the motor to extend
the retractable awning; and

a second 1input lead configured for attachment to the switch

for providing a retract signal recognized by the micro-
controller as an 1nstruction to cause the motor to retract
the retractable awning; wherein

the microcontroller 1s configured to both recerve and trans-

mit data over either the first input lead, the second input
lead, or both.
19. The control system of claim 1, wherein the control
system 1s a potted device.
20. The control system of claim 14, wherein the singular
motor control unit 1s a potted device.
21. The control system of claim 1, wherein the single
accelerometer and the processor of the control system are
mounted on a single circuit board.
22. The control system of claim 14, wherein the single
accelerometer and the microcontroller of the singular motor
control unit are mounted on a single circuit board.
23. The control system of claim 14 wherein said microcon-
troller further comprises a failsafe counter to resume opera-
tion of said motor upon experiencing a motor stall.
24. The control system of claim 14 wherein said microcon-
troller further comprises an interface for collecting at least
one of real-time accelerometer data and historical accelerom-
cter data by a remote personal computer.
25. A control system for controlling a motor for a retract-
able awning comprising
a single accelerometer having three signal outputs indicat-
ing an acceleration of a leading edge of a retractable
awning 1n three substantially orthogonal directions,
cach of the three substantially orthogonal directions cor-
responding to a respective one of said three signal out-
puts; and
a processor that received the three signal outputs from the
single accelerometer and determines, based upon com-
parison of the three signal outputs to a threshold value,
whether to generate a retraction control signal for the
motor that operates the retractable awning; wherein

the control system, including both the single accelerometer
and the processor, 1s contained 1n a single housing which
1s s1zed and configured for mounting on the leading edge
of the retractable awning; wherein the single accelerom-
eter having three signal outputs indicating an accelera-
tion of a leading edge of a retractable awning 1n three
orthogonal directions comprising a horizontal direction,
a vertical direction, and a lateral direction relative to the
leading edge of said retractable awning;

said accelerometer further comprising at least one of a

static component for measuring static acceleration of
gravity and a dynamic component for measuring motion
in said retractable awning;

the processor recerves the three signal outputs from the

accelerometer and determines, based upon comparison
of a weighted average of the three signal outputs to the
threshold value, whether to generate a retraction control
signal for the motor that operates the retractable awning.
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